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5 highest flows 

Stillaguamish Annual Peak Flows 
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Wave attenuation 

green infrastructure protects grey 

ESA PWA Mudflat Tidal Marsh Dike 



               

green grey 

 
no waves!     waves! 



1964 Low Marsh 
Boundary 

Low Marsh Boundary 
1964 
2004 

a vulnerable estuary?  a vulnerable community? 

Port Susan Bay Dike Breach (February 4, 2006) 
High tide + 44 knot south wind 



floodplain green and grey infrastructure 



floodplain green and grey infrastructure 



floodplain green and grey infrastructure 

green infrastructure restoration – economic values 

50 acres 
20yr low estimate 
 
$8.5 m 



Current 100-year Flood 
Changes  from 

“current”  
 
 

Inundation, acres  
 

42,266 to 71,236 
(69% increase) 

Mt. Vernon Depth, ft 

 0.0 to 0.45 

Burlington Depth, ft 

0.77 to 2.40 

2040’s 100-year Flood 
+ Sea Level Rise 

Understanding vulnerability  
in order to find solutions 

University of Washington Climate Impacts Group 



Curran and Grossman (In Review)  

Increase and earlier 
seasonal runoff 

Seasonal sediment transport model 

Projected Climate Impacts to Sediment Delivery 

 

  

0

1,000,000

2,000,000

3,000,000

4,000,000

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

S
ed

im
en

t 
lo

a
d

in
g

 (
m

et
ri

c 
to

n
s/

m
o

n
th

)

0

1,000,000

2,000,000

3,000,000

4,000,000

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

S
ed

im
en

t 
lo

a
d

in
g

 (
m

et
ri

c 
to

n
s/

m
o

n
th

)

Increase in flood 
and sediment 

Hamlet and Grossman (in prep)  
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Infrastructure Vulnerability  

Understanding vulnerability  
in order to find solutions 



Spatial Infrastructure Vulnerability Maps 

Understanding vulnerability  
in order to find solutions 

Draft Draft 



Low Marsh Boundary 
1964 
2004 

a vulnerable estuary?  a vulnerable community? 

Can we improve 
both green  
and grey   

infrastructure? 



pre-restoration post-restoration 

B. RestorationB. RestorationA. Existing conditionsA. Existing conditions

Understanding vulnerability  
in order to find solutions 

Multi-benefit restoration: 
improving both green and grey infrastructure 



Understanding infrastructure assets 
to guide investments 

Modeling the performance of green infrastructure 



Understanding infrastructure assets 
to guide investments 



Understanding infrastructure assets 
to guide investments 



…finding synergistic  
green-grey solutions 

Thanks! 
Roger Fuller       rfuller@tnc.org 

Eric Grossman   egrossman@usgs.gov 


